Ciasic Maenasics R R

Quadratic equation (f§¥Td THHN) ax2+bx+c=0 & solutions () x = ~bx\b?_gac
2a

Note : 3 b2 — dac < 0 T roots imaginary (FTede) B T Al b2=4dac Tl roots equal B |
Sum of roots = x, + x,= —b/a, Product of roots = x, x, = ¢/a
Exercise : Solve : 10x> - 27x + 5=0 Ans.x=5/2 x=1/5

Binomial Theorem (fg4g 793)
- 1) nn-1)n-2) J2=1.41+/3=1.733/56=2.23
o1 x? + 31 X2+ 2%=1.26, 3°=1.44,
s . 4" =159 57 =1.71
fx<<<lx, 1¥agaaad@ (1+x)" ~1+nx

Trigonometry (FF1orfafa)

Remember"Always!

1+ x=1+nx+

Ex. ‘

a 1
3~ 2 20 — H —
sin’d + cos?0 = 1 sin 0 = \/aQ b cosec 0 5 )
2, 2 b 1

1 + tan?) = sec? cosb = NI & /) -

a sin® 1 4 — Base — 37°
1 + cot?0 = cosec?0 tan0 = — = —— = —— 3 - Base - 53°

b cos0 cot0
sin 20 = 2 sin 0 cos 0; cos20 = cos?0 — sin®d = 1 — 2 sin%0 = 2cos?0 — 1
7 radian = 180° = 1 rad ~57° & 1° = 60' (fH19) ; 90° = n/2 rad.

sin(-6)  —sin6

sin (-0) = —sin0 ; cos (-0) = +cos 0 tan (-0) = cos(—0) = "eosd —tan0
sin (A + B) = sin A cos B + cos A sin B cos (A +B) =cosAcosB-sinAsinB
sin(A-B)=sin AcosB-cosAsinB cos (A —B)=cosAcosB +sinAsinB

Vectors (Gf<3)

Electric current (f9%[d @) is not a vector
[Although it has both magnitude and direction but it does not follow triangle rule of addition]

Addition of vectors (GfSH HT1 F)

R =R = |A+B| = /a2, B2 2AB =AZ+ B2+ 2ABcoso

A Bsin6
qRomdl (Resultant) 1 A & E1Y I (Angle) tan o = A Boosd
RO (Resultant) F1 § % 191 F1T0 (Angle) tan p = =m0

B+ Acos0

B |A| = |B| o |R|= 2Acos0/2 39 fefd # tan o = tan B=tan 6/2 [ora=p =0/2]




[ Subtraction of vectors (Flﬁfi"ﬁ <h1 =T

-

A B)?ET ‘R‘ = \/A2+BZ+2ABcos(n—6) = \/A2+Bz—2ABc056

Ifg ‘A‘:‘B‘ Kl ‘ﬁ‘: 2A sing 39 feafd & tan o = tan B = cotg {ora:ﬁzg_%}

ot feeT (vector) Tl positive scalar (ST TR | on T IR e =@ Tt T4 magnitude (IRHT)

S A | S 3A |, 3R fawm A 1 feen 7 £ 2rft S@fh magnitude, A Eﬁmagnitudeaﬂ?ﬂ:fw%l
Negative scalar & multiply T3 W direction opposite 81 STt €1 51 (-4)A = -4A zHefeen A wifen
% famRid STerfer IR A o IRHETT 14 BT |

Dot (Scalar) product [fog (AfSe1) U]

R=A-B=A+(-

.
AB =ABcos0 = T 31fe¥ (a scalar)
I A=AJd+A,j+Ak W B=Bi+B,j+B,k @ AB=AB, +AB, +AB,
m Cross (Vector) product [F51 (HfgST) TURw«]
A xB = ABsin6n =T | (a vector)
# —> unit vector perpendicular to both A and B(A & BTM & oed Tshish A
i j k
Axkﬁzgfg:m@;qM—WwﬁAHﬁA%ﬁM
AxB =i(AB,-BA) + j(AB -BA) + k(AB, - BA) 359I 7 8|
AxB=xX(AB,-BA)+J(AB -BA)+ 2(AB -BA) 0500 I T SN Eka |
Ex. If A =2 -3] +4k and B = -3 + 6k then calculate AxB
Sol. A xB=1[-3)6) <0)@)+j[(4) (-3)16)2)1+ k [(2)0)--3)(-3))= -18i-247- ok
[ ] Right hand thumb rule

TE vector A (FfE¥T) T T fingers (ﬁ'ﬂf?f*ﬁ)
%1 TEHT T vector B 1 TH Bl angle i

f=m # AW W thumb (3 T direction AxB
1 direction BT |

Note :BxA =- AxB
(@ T direction opposite EiT)




Important Conversions

Plane angle 1 degree = 60 minute = 3600 second = 2r/360 radian = 1/360 revolution
(FHdaa T*ﬁ'UT) 1 radian = 57.3° 1 revolution (1 TR = 360° =2r radian
Length 100 centimeter = 1 metre = 1000mm ; 1 inch = 2.54 cm
(awr%) 1 foot=30.48 cm, 1 mile (1 He)=1609 m, 1A=10"° m, 1 fermi=10"°m

1 nautical mile (1 T8I Hie)=1852 m, (Note : 1 knot=1.852 km/hr), 1 vard (1 T=)=3ft
1 parsec 1 light year (1 TehTeT o8 = TehTd §RT Tk a9 H =il gl) = 9.46 x 10'2 km

> 1 light year| 1 parsec (1 9REH) = 3.26 light year
> 1 AU 1AU (astronomical unit) = 1.496 x 10''m ~ 1.5 x 10! m =94 wd gesft & o %1 0

1 bohr radius = 0.529 A, 1 mil = 10 inch, 1 nm = 10°m,
1 pum = 10°m, 1 mm = 103m, 1 pm = 102 m

Area (@W) 1 cm? = 10% m?, 1 barn = 102 m?, 1 hectare=10* m? = 2.47 acres (THh3)

Speed (A1) 1 km / hr = 5/18 m/s, 1 mile/hr = 0.45 m/s

Volume (3T&GH) 1 m® = 10° cm® = 10° cc = 1000 litre = 35.31 ft3 (S

Mass (SFHM) 1 atomic mass unit (@a.m.u.) = 1.66 x 102" kg = 1u
1 pound = 453.6 g, 1 ounce = 28.35 g
1 slug = 14.6 kg, 1 ton = 907.2 kg, 1 metric ton = 1000 kg
*Chandra shekhar limit = 1.4 M, where M_ = Mass of sun

Force 10° dyne = 1 newton = 0.225 b (1 Ib = 4.45 N)

(EN)) 1 gram-force = 980 dyne, 1 kilogram force (1kgf) = 9.8 N

Acceleration (TIUT) g = 9.8 m/sec? (MKS unit) = 980 cm/sec? (CGS unit)=32 feet/sec? (FPS unit)
Pressure 1 atm (1 Eﬂ’ﬂ’ﬂ'ﬁ?ﬁﬂ qe)=1.013 x 10° dyne/cm?=1.013 x 10° N/m?

(ST9) = 1.013 x 10° pascal=76 cm Hg=760mm Hg {:- 1pascal = lnewton/m?

1 bar = 10° N/m? = 10° dyne/cm? ; 1 torr = 1 mm Hg

Density (M) 1 kg/m® = 103 g/cm?

1
Time (¥HA) 1 day = 86,400 second, 1 year = 3651days = 3.16 x 107 second

Energy & Power 1 Btu (British thermal unit) = 1055 joule; 1 joule = 107 erg, 1 cal = 4.18 J
(Son qen AfeR) 1eV=16x102J, 1 horsepower (hp) = 746 watt

Electric charge 1 coulomb <« 2.998 x 10° statcoulombs (or esu) of charge ~ 3 x 10 stC
(faga =may) < 0.1 abcoulomb (or emu of charge)

(Note : esu — electrostatic unit, emu — electromagnetic unit)

Electric current 1 ampere < 2.998 x 10° statampere (or esu of current)
(fagga &mm) < 0.1 abampere (or emu of current)

Electric potential 1 volt « 3.336 x 107 statvolt <> 1 x 10% abvolts
(fosga fava) 1 statvolt = 300 volts

Electric field 1 volt per meter <> 3.336 x 107 statvolt/cm «> 1 x 10° abvolt/cm
(foga &)

Magnetic field 1T=10*G, 1 Wb = 10% maxwell, 1T=1 Wb/m?, 1G = 1 maxwell/cm?
(=& &)




a

Some Important Dimensional Formulae

Relative Density or Specific Gravity (3TUf&e = 1 fafime T&@)

Density of substance (W%‘f 1 ) M3
Density of water (W‘ﬁmm) T oML
Mechanical Equivalent of heat (S 1 Jifs o)

= MOLOT? No dimension (fTATE)

Mechanical Work done (Fif& &)  ML2T2

= = — MOT 0TO . .
= Heat produced (Scq—T 1) T MIL2T2 MPLT No dimension
oL o] 1— 1 — 1 1 2 -1 2
Compressibility (TFEad) = Bulkmodulus K = MLIT2 — = MILT [MLT?]
Avogadro Number (3TEITE! T&T) (N, )= N,/mole [mol?] or [u]
p\/ 1 3
Gas Constant (79 f7zdi) R % =ML?T20"' mol™ [ML2T-26- mol!]
X Mo
' R(Gas Constant ) ML2T 297! mol™!
Boltzmann's Constant k = N{Avogadronumber) — ol 1 [ML2T-261]
([ p2a) 2
Vander Waal's Constants kp + _ZJ (V - Hb) =puRT . M—2a = Pressure
\% \Y (dimensionally)
PVZ ML IT? 3\2 [ 9 volume L3
= ——=——-—x(L")] =ML’T “mol +5T-2mol-2 = =— 3,1
sa= 7= () ML T#mol’]  and b= 1=— [Ly]
E Amount of Heat (3541 1 A1) MIL2T? i@ ML?T 26
ntropy (TZMHl)= Temperature (d) - 0 > 0 [ 67
L/R or RC — Time constant of L-R/R—C circuit (F9 f71dieh)= dimension of time = T [T]
1 100 1
N S . ¥4 N BTy -1
Power of Lens (¢80 &1 1) P = Fmetre ~Tom =T =L L1
(Note : for lens P = 1/f and for mirrors P = — 1/1)
v Y

Magnification (3M3%F) {for lens m=— & for mirrors m = — a} (No dimension)
Enthalpy (@F‘ﬂ) -+ H=U + PV = Total heat content = ML?T= [ML?T-?]
Cofficient of Viscosity GWT‘:[UITEF) :n= F/6mrv [MLT-]

Conversion of Units from one system to another

(M) (L) (T
Use Ny =14 kM_l J Ll LTlJ where MPL"T€ is the dimensional formula of physical quantity
2 2 2

[+ nu = constant TEATHS A x A = AF = )
F = MLT 2 &q 9% force &1 SI (MKS) @¢1 CGS system H value &1 compare T |

macas)=moos ) (1 (T <[4 R o) {20008) (10em) _y







Newton's Mechanics

FBD Technique (NLM)

3F=0

|:Question of Rest — Equilibrium —E
See.‘ ZT = O

Question of Motion

f)no)'mal

R Chec\‘ - —— Weight
_pTension Normal fOl”CB (
—+— Contact force f
forces involved in .
— Spring force Frictional (
f,

the given question
_bThUrSt force (f)

f)]i:niting

DcC-\de ) w.r.t. Ground = No concept of pseudo force

(Inertial frame)
Draw FBD
(depends on w.r.t. accelerated frame — Apply concept

observers position) (non-inertial frame) of pseudo force

— Horizontal & Vertical
—— Parallel to inclined plane & normal to I.P.

Directions: |, Radial (normal) & tangential.

— NEWS (N_LE, WLS)
— (xLly), Lz (zLlx)

P 6,@;&‘

E In drawing FBD firstly show that force which appear as
Action-Reaction pair between the bodies.fs®@ force & body,

N @ system @ s1er g free body &+ &, 38 wad T fem@nst |




Two
Agents

motion

Dynamics of Motion (Cause of motion)

External Force
(Linear Vector)
For translation motion

of

External Torque
(Axial Vector)
For Rotational Motion

NEWTON MECHANICS

Basically five forces in Newton Mechanics : Field = Force = Acceleration = Kinematics

o

Weight (WR) : | (7 &1 3IR) Due to gravity of Earth (‘IbTOﬁTIW)

Living (Sftfse)
Tension (T9) : Always away (BHT L) from b0d9‘|:

(Due to stretching) Nonliving (3T=fifaq)

© TensionmmmengWI

Contact Force p 1Normal Contfact Forc;z oy
(W o) (Perpendicular to contact surface towards the body) Electromagnetic nature

(due to pressing)
(TS & HR)

Tangential contact force : Frictional force
(Parallel to contact surfaces)

. Foy «— e Press (Push)
Spring Force (f&71 97) § 7 g 111 66 ¢ )
A¢c Pl —7> F U=gKao

Thrust Force (Bouyant Force) (St 9e1) Always in upward direction

[Magnitude = Vpg where V=Volume of body, p = Density of medium].




Relative Motion

Xpb = Xpet TX

ref

ElSEll

(- = sirer)

© K7 %

gl h{Al
(= frwa relative)

feremn

(¥ & o)

©

(5 q )

©

best approach 1] k

vector addition rule

N

HEA L&l
(answer k1 THST)

Relative quantity = Actual quantity—Reference quantity

(Actual =Ref+Re lative)

R e & Koy —> TSR] describe fRAT ST @R oo, —> TTE respect H describe foRa ST T
S (displacement)
= i — — s N = - i
= X V (velocity)
Xrelative = Xactual - Xreference Xactual_ Xreference + Xrelative
3 (acceleration)
Ex. Vg =V, —Vg =V, =Vg +Vpg

Calculus Approach

Field ——— > Force = > U > 5 (orr)
(Boss of force) (Source of physics)
x—direction F, N ;
y—direction F a, v, y
z—direction F ! i z
Inspace F=F,i + Fy] + FZR Inx-y plane F = Fi+ Fy]
In space a = aXiA + ayj + azlz Inx-yplane a= axf + ayj
In space v = fo + vyj + sz{ Inx—yplane V= vxf + vy]
Inspace ¥ = xi + yj + zk Inx-yplane ¥ = xi +yj
Ex. If Lap Ty Lot then 7 = xi + i+ 2k = it + ~t?
. x=ut+ Eaxt ;y=uyt+ §ayt ;z=ut+ Eazt then r =xi+yj+zk =u +§a
Ex. The coordinates of a particle moving in YZ plane are given by y=4cos6t and z=6 sin6t. Find :
(i) The equation of the path (i) Velocity (iii) Acceleration (iv) The relation between 3 and
2 2
Sol. () y=4cos6t & z=6sinb6t = J 1z 1 (equation of ellipse)

16 36

dr _d(y}+zf<) _dy. dz

(ii) v=— =
dt dt dt” dt
(i) a = j—‘t’ = 144 cos6t j— 216sin6t k

j+—k = —24sin6t j+ 36cos 6t k

(V) & = —144 cos6t ] — 216sin6t k =—36(4cos6t j+6sin6t k) = —36F = a = — 36§




Y —o8,=e0
(Case)

_ dicase) _ dy
slope = frace) ~ dx

slope

increasing

X

v
slope
decreasing
X

Y

slope
constant

slope

increasing

Graph | Related Questions ™ TelT

Nature of slope(S)

y y y Y
slope=0
> slope=0ve _
APe: +ve \ P : slope=cc
4 sX X X X

Variation of slope(S)

indicate slope at
that point

In this diagram
Numerical values

X

Relation — Function [y=f(x)] — Graph @1 @< — fTART # Slope (dy/dx) M1 — physical quantity &

IEEl
- In Kinematics
I m Acceleration-t = Velocity-t = Speed-t m Displacement-t m Distance-t
- In Mechanics

If on X-axis & on Y-axis Then Slope Formula = th. %

ime

Displacement . ds S — 5,

Time (FHF Velocit R o _St~Si

) (I%WZTTCFT) elocty (aTD v dt av time

5 . Acceleration dv T — V.

Time (THH Velocity (a7) 3= 5 -t i

) v (=) : dt time
Time (THH) Momentum (FaT) Force (9c) F= dp F _bBi—B

dt & time

Energy (&) Power (3TfT) = dE —av = .E
Time (§¥9) dt time
Work (&) Power (¥Tf) _dW o = .W

dt time

Ti Angular Momentum T o dd - :]j -J

ime (¥HY) (@i g4 orque (?Wﬂ‘é[uf) n v =




dv I:_d_p

T=t1+t4=t2+t3

a= o Av=[adt Ax=[vdt I=Ap=][Fdt
acceleration acceleration
t "t
Velocity/Speed
Ex. 1 t Ex. 2
Speed/Velocity
distance/displacement / Tt
: <
Distance/Displacement
>y
Ex. 3 Ex. 4 Ex. 5
2 1 v T b
Force Velo. > ’ T | : | T
(ST) &) t R H X i ! \/
: S ne N e
: t _’—l it —
2' 1' E i L E
Momentum ; disp. > h ; 1 I & E
) e t NN T
> 5 ! i/ !
*(V~t) — (disp.—1) Similar to (F=t) - (momentum-) 1 /1N
T e,
' R L
Projectile Motion
| Upward Vertical Projectile Motion (1-D)
t=t,
T " 1v=0, a=0
g a i |
I
2u P
T=2t, =2 Hooi lg=al
u,=u |
2 ]
u u t= e
H:_:(i) O LT Ground
- Motion under gravity (MUG)
TOP
GL>T=— 1
wi l Free
md
2v IMlevel 7g.......qt fall
g W g
Plowl VI 1
2w HRE (e
8 Ground us L
Time of journey or total time of flight y Level (GL) Plane of Projection

(POP)




Projectile Motion (2-D)

u, usin® ucosa.
ty=—t="— _
a g g
. a,=g
2 L
T 2t, = u, 2 usin® _ 2ucosa
a g g
2 2 . 2 2 9 S 5
H= uy =U Sll’le_ucosa 77777777777, 777777, 7777777777777777. X
2a, 23 2 cusucosd g >
2ul] (2u,) 2u,u,
*R = T = [_ = - | =
(ucosb) u x| u, X L a, J .
u2
- Maximum Range (31f4ehdd o) u =u orb= 45° |Rpm = ?

- Max. range H<d acceleration vector &1 line T Range & 9 angle &1 bisector (3Tg®) T 2l ¥

e«  THYAN 91 (speed) H Heh T I projectiles HT Range WM &Rt AT I projection angle T TER
% complementary 2 37efq T&H 0 @ A 90°-0 Bl €1 Angle 45°+60 Td 45°- 6 W horizontal range
same Bl 2|

Projectile motion on inclined plane (2-D) - Up motion

u _usin(-a) oo 2w 2usin@-a) o ulsin(0-)

a, gcosa. a, gcosa.  ’  2a, 2gcoso.

tH:

* OA = Range on inclined plane

Here OB =0OAcosa = (ucosd)T g é

; PRy T

ucos0)T  2u”cosOsin(0— W £ 3

op_ lucost) T n(0-0) 1

cosa gcos” o t=0
i ground
. Too u? O N /o (ucos®)T ———>t=T

For maximum Range O0=—+_—- bk  =—""—=
4 92 g(1+sina)

Projectile motion on inclined plane (2-D) - Down motion (a i S7E - o T&)

u, usin(0+ )

t, = - &
H a, gcosa &

T=2t = &:M inclined plane Q.

H a, gcosa 1 T AL
) ) horizontal %A
~ud usin®(0+a) 0=0
2a, 2gcosa
OA = Range on inclined plane

2 . e e e e e S
2u” cos0sin(0 + o) ooy T

1
R=uT+ §QHT2 =

gcos® a
or Rcosa =(ucosf) T = R:MT if =0 = |R= uT
coso. cosa.
n_a o’

i = R =——
For maximum range 0 472 "™ g(—sino)

Special Note : Incline plane T 39X 1 TWEH motion & T "xfﬁ (formulae) H o i S8 —q T T =
I T® motion & Tt T It & I ¥




Ex. A footballis kicked with a velocity of 20m/s at an angle of 45° with the horizontal. [g = 10 m/s?]
(T eaTe Afest | 45° IV & | 20 m/s & 3§ ISl It 1)
(@) Find the time taken by the football to strike the ground.
(BATE ! THH Tk Tg= H 7 T8I A1 hifog)
(b) Find the maximum height it reaches. (39e! 21fereha™ =TS T Q)

() How far away from the kick does it hit the ground ?

(3T 9 forat g T I8 A 1 T2 HTN)

Sol. (@) We have u = ucost = 20xcos45° = 10vV2m/s

y
ﬂ
u, = usin® = 20xsin45° = 10v/2m /s /‘ ' S N
7' N
Herea,=0 and a,=-g 2 & \
When the football reaches the ground y = 0 (:; o v \
. ucosh B
(S8 TZaTe STHIA T a8t ¢ 1)

1 1
y=ut- Egt2:>0= 10\/§t—§x10xt2:>t= 22 =2.8sec

2usin® 2x20 1

[Direct T = 10 X E = 2 8 sec]

(b) At maximum height vertical component of velocity becomes zero.

(3TfeTshad S=TE TR AT T SHEAeR Sk I TT)

100x 2
20

vZ = uZ-2gy = 0 = (1042)2- 2x10xy=y=H =

=10m

uzsinze 20x20x1

[Direct H = 29~ 2x10x (\/5)2 =10m]

(c) Horizontal distance (aﬁﬁliﬁ) [Range(TH)]: x = R = u,T= 10/2 x 2/2 =40m

u?sin20  20x20

[Direct R = 0 - 40 m|
Ex.  Two graphs of same projectile motion projected from origin at t = 0 are shown. Findu & u, (Take g=10 m/s?)
A A
Yy \z
time (se;) . 0) X(T)
(1/2,0) ”
u, 1 R Uyl
Ans. Here — = 5 & 5 = 2 = g Therefore u, = 5ms” & u, = 4ms’




Ex. Two projectiles A and B are projected simultaneously in a e sXt=0

) 2 A
vertical plane as shown in figure. Write down necessary t=t/ BI
-~ collision ]
conditions for collision to take place. ul %

t=0 AZ(; | He
Sol. For relative motion along horizontal (u,cosé, + u,cosf,) t = d 1 =
T A in
. [T}
For relative motion along vertical (u,sinf, — u,sin®,) t = H-H, H[ 1]

‘ ]« d P v

AN

OR ALLLLNRNRTTRRNNTRRRRNARNRRRRNNNRRRRARNNNNNNNNNY

u; sin0; —u,sin®, H,-H,
u, cos0; +u, cos0, d

Bird-Cage Problem

Wire-cage (open cage) : R &l sHT1 T4 [Air of cage is not bound with the cage]
& bird (parrot) €l (Flies away) g, spring balance 1 reading decrease B |
Note : Bird ST& 31 I HAl ¥, 1 TH &0 (for a moment) reading increase @t i
T case T bird =% fohHt +ff TE 32 reading decrease 1T |

Case II :
Air tight cage : [Air of cage is bound with the cage]

0 4 bird constant velocity & 38t €l spring balance #1 reading § &g Ifad
& A

m] Tl bird ST H1 IR HB acceleration VST start HT & T reading increase
Bl (= w2 foF fis A o)

Concept of Pseudo Force

Relative velocity must be along AB i.e.

Case Il :

|—-> Not a real force

I——> Exist only in non-inertial frame (Accelerated frames or rotating frames)

Inertial frame (Glgﬁﬂq ) = Frames at rest or moving with uniform velocity
Non-Inertial frame (3TSIE@A 1) — All the three Newton's laws are not valid.

*Rotating frames H centrifugal force (TUeh=a set ) T & 11 fh Pseudo force ¥ | Pseudo force &aa 3R shaet
observer 319Tq reference frame & acceleration T ¥R & 51 A inertial frame ¥ T pseudo force & T |

1. A refrence frame attached to the earth :
(a) Is an inertial frame.
(b) Cannot be an inertial frame because the earth is revolving around the sun.
(c) Cannot be an inertial frame because the earth is rotating about its axis.
(d)

d) Is an inertial frame because newton's laws are applicable in this frame.




Ex.

A particle of mass m is observed from an inertial frame of reference and is found to move in a circle of radius
r with a uniform speed v. The centrifugal force on it is :-

2 2
mv mvy
(@) —— towards the centre (b) —— away from the centre
r Y

2
mv
(c) —— along the tangent through the particle (d) Zero
r

A particle of mass m rotates in a circle of radius a with a uniform angular speed . It is viewed from a frame
rotating with a uniform angular speed ®,. The centrifugal force on the particle is:-

(@ mo?a (b) mooga (c) m[%} a (d) moojya

A particle of mass m rotates in a circle of radius a with a uniform angular speed . It is viewed from a frame
rotating with a uniform angular speed . The centrifugal force on the particle is

(a) mo’a (b) moia © m[(’);moj a (d) Moo

} Answers : 1. b,c 2.d 3.b 4. a |

Spring Balance
T T, ) 2T T, 1
(__% Spring balance k1 9IgaTsh (reading) = T, +T, E

(A2 : 3EHT reading (THFAUM-9R) (kg-wt/kg-) T 3T )

Ex. \\\ﬁ\i\\\\
:
H

Reading = 15 kg-wt = R,

Reading = 15 kg-wt = R,

E15k9
\\m?m Ex. \\m?m\ Ex.
ml

Reading = 50 kg-wt = R ~-T,=T, = 50 xg 2

R,=10 R,=10
g R = 20 kg-wt a

gr_2T _ Amm,
g ml +m2
20kg
mZ

10kg 10kg




Ex.

Ex.
: T a(acceleration) \L alacceleration)

Ro Amme (gra), R- o g kewt
m,+m, g
m, m, m,
ml
Ex. Given Reading of S, = 90 kg
1‘ a=10m/s’
Reading of S, = 30 kg (g = 10 m/s?) |
S,

If the mass is stationary w.r.t. lift then determine the mass of block. E

m(g + a) S,
Sol. 90 = g +30 = m =30 kg

Ex. 1If x, x, & x, be the extensions in the spring in shown cases. / /
Write down mathematicsl relation between x,, x, & x..

X 5% _ 3%
Ans. o =12 " 2
g 12 k k k
Hint: In(A) T = kx;=2g; In (B) : T =kx, =3g -3 x =59
g 4 2kg 2kg 3kg 2kg 1kg 2kg
I T=kx,=20-2 x5 =%
nOT =l = 28~ 2 > 5 QU (A) ®) ©)
Ex : T& Monkey (10 kg) 2m/sec? & @RI F rope T ST & &l § S1dl G| ”’”X” sy
X (8kg) uniform velocity 2m/sec. § == IR @ T Fixed support
2 m/sec”
T tension T B | [T&HT T mass = 0] [g=10ms2] I (uniform
acceleration)
Sol. 8 kg. Al Monkey @ faq FBD T, 2 m/sec
I (uniform
= T, = 8 velocity)
8g
10 kg @& Monkey & @@ FBD T -
T,-10g - T, =10 x 2 (- E= ma) T, IZm/sec2
10g

= T,=18g + 20 = 200N

Note : 38 (rope H) part AB H tension T,, Part BC T tension T, 9 part CD T tension zero B |

*



Ex. For given situation, determine the force with which the rope is pulled

T g2 fufq & foru Wit =61 ©iem § fha s @ 92|

2T
Sol. (Chair + Person) =l system T
ta
T 9 3R FBD w
W
w+W (w+ W)(g +a) |
3IT-w-W = a >T=——F7"—
g 3g
Ex. @™ system | steady state e system ©hl n=0.5 2kg
A
T I T T
acceleration F &IfSTI {g = 10 ms?}
3g+2g-u(2g) 5g-0.5x2g 4g 40 [B|2kg
Sol. a=%* g-w2g) 5g-0.5x2g 4g 40  »
3+2+2 7 7 7

Note : &l spring force internal force & & behave FHTT|

Dependent Motion of Connected Bodies

Method I : Method of constraint equations (Zx, = constant)

- et moving bodies TR 3 & Xps Xgyeno B
- et strings BTt 3 B constraint equations T |

Ex.1 fC sl & acceleration a, Td a, & Tl §7eh 14 relation H I |

Sol. Here x, + x, + X, = constant

TYh! time % ¥ differentiate T T g, 4 2%, = 0

THH TH X X time % WY differentiate F T ¥, + 2%, = 0

But Xi=a, and ¥, = —a, Therefore a,-2a, = 0 = a, = 2a,
Ex.2 If block A is moving with uniform velocity v, upwards then find out

velocity of block B.

Sol. For string (1) : 2x, + d—x,=(, = 2%a—xp =0
For string (2) x, + x,=x,=(, = 2xp—-x8=0 = 4xa—-x5=0

But xa =—v, so xs =-4v,

Therefore velocity of block B will be 4v, down the incline plane.




Method II : Method of virtual work

(The sum of scalar products of forces applied by connecting links of constant length and displacement

of corresponding contact points equal to zero. |ZI—:;'5F1 =0= ZE v, =0= ZIE ‘a; = 0|

Ex. 2

2

g fa

ZE -4,=0= 2Ta,~ Ta, = 0 = a,=2a, YE-5,=0 = (4Tv,~Tv, = 0 = v,=4v,

Friction

©®  Rough surface [H9% gt @I & surface rough ¥ AT smooth]

N
= 1. Limiting
e Check N f 20 § Static fricto
' “‘E force
Normal rest —> f, =Applied force g Kinetic
¢ / = fricti]:)al force
s -
(3] Nature of friction / \ Limiting rest—> f =p N - S>F
applied
fe—=>f, =N
(4] Direction of f [f = frictional force]
e Draw FBD
Ex. fe | M — F“‘”“"“‘f <uMg 3RF ot S 1 Mg &I motion &l &1 |
I ° PPt °
Ex. feumd system @ faT F #1 value T €71 f& motion start B ST |
N
T Fsin6
F
n M Fcosb
\3 f< l F
M




Ex.

Sol.

Ex.

Sol.

Note :- Mass M &1 FBD &M & foIu 3Hen! 30 surrounding F 37T (isolate) LT qedr ¥ Earth surface
T 37 T TN (Normal reaction) 39 T TFIHT TS | 3! T (rope) H isolate A & TTT rope & tension
@l consider AT I S fh F & equal %1 Pulley %1 @ mass M ¥ attached AT ST Fehel T

N + Fsin0 = Mg ; F =F + Fcosb = F(1 + cos6)
M
Motion start % & faQ - - F = pN 31d: F(1 + cos6) = p(Mg - Fsinb) = F = m
N
Body pulled up along a rough inclined plane surface F
(Th %] ®e&T T U Tde T SR Tl St §1)
Normal reaction N = mgcos0 mgsin N mgcosd
F = mgsin® + pmgcos0 0
(Minimum force @1 condition H speed constant T&)
Body pulled down along a rough inclined plane surface N uN
(] ®&T Ad- A Tag W e SiE St §1)
mgsind mgcosf
F = pmgcosf — mgsin0 0
(constant velocity  block i = = & faw F F =T 8m)
Block #! pull F11 % &€ minimum force THa =1fen| (fo= 2@) F
0_.
91 FBD | ing N = mg — Fsin® TR
Fcos® = p(mg - FsinO)
9 —>Fcosb
kN < pmg
mg g cos O+ pusin®
o i imum BT =fed i J4p? ot ® /—Hmg
T (cosO + psin®) maximum | 39! maximum value 1+p | Ad:F = 1+ Hg
Find the maximum value of F so that both move together. B
(There is no relative motion b/w A & B) p| m
lerati f £ A
A iem ( Acceleration of m + M) = M M —F
Smooth
N, Y
% asystem
FBD of -
mass m l“l'Nl umg = m asystem =mx m+ M = Fmax = H(m + M)g
mg
Find the maximum value of F so that both move together.
m [—F
N, U
% asystem
FBD of uN,  Here N, =mg M
mass M N, Smooth
[117777777777777777777
Mg
a = F _ kg E :umg[1+m)
system m+ M M = max M




Two and Three Blocks
Problem in Friction

-
e  The block on which a net force is applied to pull or
STEP Decide push, friction on both of its surfaces direction
1 direction opposite to the force.
of friction e  Friction between two surfaces in contact makes
forces action reaction pair, these forces act in opposite
direction with equal magnitude.
e If coefficients of static and kinetic friction are
Decide range of .
STEP friction forces different
2 between each pair of fs<pN fo=nN
surfaces in contact. e If coefficients of static and kinetic friction are
same f<pN
Decide maximum possible acceleration
STEP
each of those blocks, which accelerate
only due to friction.
e If friction is zero anywhere below the block on which
Sequence force isapplied, slipping first starts there.
e QOut of the blocks (accelerating due to friction forces
of . . ) )
4 only) which has least maximum possible acceleration
Slipping start slipping next. It starts slipping with respect to that
block which has next higher maximum possible
U acceleration.
Ex. Block B is pulled horizontally by a force F, which increases gradually. A
(i) Find maximum friction between each pair of surface. #=0.1 20kg
(i) Decide sequence of sliding between various surfaces in contact. 1=0.2 B 30kg [
Also calcualte minimum value of F for that.
(iii) Express accelerations of various block as function of F. u=0.1| € 40kg

(iv) Draw a-t graph if F=10t where t is time in second. (g=10 ms?)




(i)

(i)

A
f} o = (0.1) (20g) = 20N 20kg g
f, < =
f, ... = (0.2) (50g) = 100 N f 30kg T
> fz
f3 max = (01) (909) = 90N . C 40kg

Block A and C moves due to frictional forces.
f 20 f 100-90 1
= =—ms

_ lmax:_zlmsfz a — _2max _

% = m, 20 & Gem T, TT40 4

< a, . so slipping between B & C starts before slipping between A & B.
Also as f, > 1,  so slipping starts first between ground and C.

Calculation of F__

e  Between ground and C : F__ = 90N

A 20kg
F_—-100 100-90 100 30kg —>F,,.
. —min =3 F =1125N ‘<
. Between B and C : 20530 40 B . 100
90 < 40kg
A 20kg
20 F-20-100 »20
. . —=———"——=F =150N
Between A and B : 20 30 =F.. 20 < B
30kg ——F,.
100«
For 0 <F <90N a, =ag=2ac=0
F-90
For 90 <F <112.5N a, =ag=ac :T
E 4 —a _F—lOOa _100—90_lms,2
F-120 1
For F > 150N ap = 1m5_27a13 = 30 »ac = st_ip
For 0<t<9s ay =ag=ac=0 £ as
t
For 9 <t<11.25s aA=aB:ac=§—1 1 a,
t 1, 7
For 11.25s<t<15s @y =as=;~2 ac =, ms’ o
1/4 £ ac
” t 1, Lammec0 27 R
For t>15s ay =1lms™, ag = 5—4’% = st 0 9 11.25 15 > el




